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Background: Skull based neurosurgical cases often require some degree of head rotation during patient
positioning to facilitate operative exposure. Extreme head rotation may lead to occlusion of submandibular
gland secretions and impaired venous return from the neck, rarely leading to submandibular gland
inﬂammation.
Methods: An uncomplicated translabyrinthine resection of a vestibular schwannoma was undertaken.
Results: Severe submandibular gland inﬂammation and impaired venous return opposite the site of
translabyrinthine vestibular schwannoma resection occurred in the post-operative period. This led to upper
brachial plexopathy and Horner syndrome.
Conclusions: We present the ﬁrst known cases of submandibular gland inﬂammation and hemorrhage
resulting in brachial plexopathy and Horner syndrome opposite the site of tumor resection. This case
underscores the importance of adequate and safe patient positioning in skull based neurosurgical procedures.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).Neurosurgical operations often require unique patient positions
to facilitate operative exposure. These complex positions can add
their own morbidities in addition to those related to the operative
ﬁeld. Rarely, extreme head rotation can create contralateral neck
swelling due to submandibular gland inﬂammation. If signiﬁcant
enough, this can create upper brachial plexus palsy. We present just
the fourth such reported case, and the ﬁrst severe enough to cause a
Horner syndrome as well.Case report
History
A 31 year old female presented with high pitched right ear
ringing for three months. She also noted right facial numbness and
gait imbalance. She denied any past medical or surgical history,
current medications, or family history of intracranial tumors.erial support. The material
ed prior.
ton, MA 02115. Tel.: +1 617
sco).
. This is an open access article unPhysical examination
The patient stood 5′1″ andweighed 67.59 kg. Her bodymass index
(BMI) was 28.2. Cranial nerve examination demonstrated nystagmus
with right lateral gaze, decreased rightV2andV3sensation, andHouse-
Brackmann scale II right facial weakness. Diminished hearing was
present on the right. All other cranial nerve testing was normal. Deep
tendon reﬂexes were 3+ bilaterally in upper and lower extremities. A
positive Hoffman’s reﬂex was noted on the left. Motor strength and
peripheral sensory examinations were unremarkable. Cerebellar
testing demonstrated right sided dysmetria. Her gait was ataxic.
Diagnostic evaluation
Audiography demonstrated normal hearing bilaterally. Magnet-
ic resonance imaging (MRI) revealed a large (2.7 × 3.2 × 2.8 cm)
right cerebellopontine angle mass consistent with a vestibular
schwannoma (Fig. 1).
Treatment
Surgical resection through a right translabyrinthine craniectomy
was undertaken. Anesthetic induction was followed by placement of a
7.0 oral endotracheal tube. Mayﬁeld pins were applied. Her head wasder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
Fig. 2. Post-operative axial post-contrast enhanced neck CT demonstrates
heterogeneous enhancement of the left submandibular gland and considerable
edema within the left submandibular region and subcutaneous fat stranding. No
evidence of ductal obstruction was present. Note the signiﬁcant asymmetry in the
soft tissue and rightward deviation of the trachea.
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bump was placed under the right shoulder. An uncomplicated right
sided trans-labyrinthine craniectomy was carried out with complete
tumor resection. Total operative time secured in Mayﬁeld pins was
11 hours and 23 minutes. Twenty milligrams of dexamethasone were
administered. Pathology was consistent with World Health Organiza-
tion (WHO) Grade I schwannoma.
The patient remained intubated on transfer to the neuro-intensive
care unit and was extubated 30 minutes later. No respiratory
difﬁculty was noted and her neurologic exam was unchanged from
pre-operative testing. Approximately 4.5 hours after extubation the
patient acutely developed labored breathing and rapidly progressive
left sided neck swelling. She was emergently re-intubated for airway
protection and ranitidine, diphenhydramine, and dexamethasone
were scheduled. Non-contrasted computed tomography (CT) scan of
the neck demonstrated an enlarged submandibular gland with
associated hemorrhage and signiﬁcant surrounding edema (Fig. 2).
Proximal left upper extremity weakness was evident. No evidence of
pupillary asymmetry was noted. Over the next 48 hours the
submandibular swelling abated and the patient was able to be re-
extubated. Her neurologic exam remained consistent with primarily
upper brachialplexuspalsy. Thepatientprogressedwith therapyuntil
she was transferred to an acute rehab center on post-operative day 6.
At just over one week post-operatively the patient reported
decreased sweating over the left side of her face and left eye drooping.
Examination revealed full right-sided facial strength but left sided
ptosis and miosis, residual left neck swelling, and proximal left upper
extremity paresis at 4/5. Distal left upper extremity strength was 5/5.
The left sidedptosis andmiosiswasnotpresent at the timeofdischarge
to the rehab facility. At 3 monthspost-operatively very subtle left sided
ptosis remained while her left upper extremity strength was normal.Discussion
Skull based tumor resections often require a unique set of surgical
approaches for adequate exposure and effective treatment. This may
predicate patients to be placed in various positions including the
supine, lateral, three-quarters lateral, park bench, prone, or even
sitting positions. These positions can produce their own set of morbidFig. 1. Pre-operative axial post-contrast enhanced T1 MRI demonstrates 2.7 × 3.2 ×
2.8 cmmass at right cerebellopontine angle. Imaging characteristics consistent with
vestibular schwannoma include diffuse enhancement, extension to the porus
acusticus, and internal heterogeneity with cystic components.complications. Contralateral neck swelling due to submandibular
gland inﬂammation, i.e. sialadenitis, is one such, albeit uncommon,
complication followingskull base surgery. Rarely, sialadenitis hasbeen
reported to cause post-operative brachial plexopathy. No previous
reports of contralateral submandibular gland edema causing brachial
plexopathy and Horner syndrome following skull base surgery exist.
Contralateral sialadenitis has been reported to occur in 0.84% of
skull based procedures (0.9% of retrosigmoid and 0.8% of far-lateral
procedures by a single surgeon). Sialadenitis likely occurs due to
extreme rotation of the head with resultant compression both of the
tongue against the endotracheal tube andof the submandibular gland
itself. Tongue compression can occlude Wharton’s duct resulting in
stasis of salivary secretions. Glandular compression can result in
pressure ischemia due to impaired venous return. Multiple factors
appear to increase the risk for post-operative sialadenitis including
diabetes mellitus, hepatorenal failure, hypothyroidism, Sj gren’s
syndrome, depression, malnutrition, dehydration, and use of anti-
cholinergic medications. Surprisingly, increased age, obesity, and
excessive surgical length have not been reported as consistent risk
factors in the setting of skull base surgery. Treatment strategies for
post-operative sialadenitis include airway protection, hydration,
steroids, and antibiotics targeted towards themost commonbacterial
agents (i.e.Streptococcus or Haemophilus species) [4].
Contralateral sialadenitis, if severe enough, can also affect the
brachial plexus. The submandibular gland is associated with the
lateral pharyngeal space within the superﬁcial layer of the deep
cervical fascia, just anterior to the alar fascia. The alar fascia formspart
of the border of the retropharyngeal space, which extends from the
skull base to the cervico-thoracic junction [1]. The brachial plexus sits
immediately posterior to the retropharyngeal space between the
anterior and middle scalene muscles [5]. Importantly, many of these
compartments have incomplete fascial layers so increased pressure
or inﬂammationmay be transmitted from one space to another quite
easily. Therefore, submandibular gland edemamay transmit from the
lateral pharyngeal space into the retropharyngeal space and
ultimately affect the scalene muscles and brachial plexus [1].
Horner syndrome, classically described as lid ptosis, pupillary
miosis, and facial anhidrosis, results from interruption of the
sympathetic innervation to theeye fromthe superior cervical ganglion.
This sympathetic trunk lieswithin thedeep layer of prevertebral fascia,
Table 1
Previous reports of contralateral neck swelling following intracranial surgery.
Case report Patient
BMI
Surgical pathology Operative position Operative length
(in hours)
Time to neck swelling
from surgery
end (in hours)
Proposed mechanism
of edema
Neurologic
deﬁcit
Bhardwaj
et al, 1999
32 Acoustic neuroma Supine, head turned 45°
with slight neck ﬂexion for
translabrynthine approach
12 Next morning Poor venous drainage
due to excessive head
rotation
Upper trunk
brachial
plexus palsy
Shimizu
et al, 2007
18 Posterior fossa tentorial
meningioma
Park bench, slight neck
ﬂexion, 20° head rotation
towards ﬂoor, 10° lateral
bend towards ﬂoor
10 2 Poor venous drainage,
internal jugular vein
thrombosis
Upper trunk
brachial
plexus palsy
Hebert-Blouin
et al, 2009
Not
described
Frontal lobe metastasis Not described Not described Immediately Submandibular
gland sialadenitis
Upper trunk
brachial
plexus palsy
Singha
et al, 2009
23 Cerebellar convexity
meningioma
Extreme lateral position
for retromastoid,
suboccipital craniectomy
5 Immediately Submandibular
gland sialadenitis
None
Kim et al,
2008
Only
described
as “not
morbidly
obese”
3 posterior fossa
meningiomas, 1 acoustic
neuroma, 1 brainstem
cavernous malformation
Park bench position for 4
retrosigmoid craniotomies
and 1 far-lateral
suboccipital craniotomy
3-6 Immediately to
within 4 hours
Submandibular
gland sialadenitis
None
Present case 28 Acoustic neuroma Supine, head turned 45°
with ipsilateral shoulder
bump for translabyrinthine
approach
11.5 4.5 Poor venous drainage,
submandibular
gland reperfusion
hemorrhage
Upper trunk
brachial plexus
palsy, Horner
syndrome
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spine transverse processes, and consists typically of white rami
communicate from the C8 and T1 spinal nerves along with superior
cervical, middle cervical, and stellate ganglia. The sympathetic
innervation courses near the apex of the lung then turns cephalad
until it becomes deeply invested within the adventitia of the carotid
vasculature. Inﬂammation or compression anywhere along this course
can lead to at least a partial Horner syndrome [3]. The delayed onset in
this report suggests inﬂammation rather than direct compression of
the sympathetic trunk leading to the Horner syndrome.
Three previous reports of brachial plexus palsies due to contralat-
eral post-craniotomy neck swelling exist (Table 1) [1,2,6]. Described
procedures in these cases include translabyrinthine resection of a
vestibular schwannoma [1], suboccipital craniotomy in the park
bench position for posterior fossa meningioma resection [6], and
frontal craniotomy for tumor resection in the supine position [2].
Surgical times appear longer (N10 hours in most cases, including this
one) in reports of contralateral neck swelling leading to brachial
plexus palsy following craniotomies than in reports of contralateral
sialadenitis alone [1,7]. In addition, neck compression causing not just
sialadenitis but also signiﬁcant venous congestion is described in3of 4
cases (including this case) of brachial plexus palsy in addition to
submandibular swelling [1,6]. No other report describes such acute
and rapid progression of edema – one describes swelling noted upon
case completion [1,6] while the remaining two describemore gradual
worsening of edema following post-operative onset [1,6]. Imaging in
the present case seems to support glandular compression with poor
venous outﬂowand subsequent glandular rupture as theprecipitating
cause for the resultant edema. The acute onset of brachial plexus palsy
suggests a compressive etiology while the delayed onset of Horner
syndrome likely suggests an inﬂammatory cause. Itmaybe reasonable
to theorize simple sialadenitis occurred initially in all reported cases of
brachial plexus palsy but increased operative length lead to signiﬁcant
impairment of venous return. After case completion and neutral head
position was restored, signiﬁcant submandibular gland hyperemia
may have occurred andworsened the edema severity leading to local
involvement of the brachial plexus. However, as only 4 such cases of
brachial plexus involvement exist, this theory is purely speculative.Conclusions
Few surgical subspecialties outside neurosurgery require such a
wide range of patient positions for operative success. Complications
due to patient positioning are well known causes of morbidity and
must be protected against by all surgical team members. Excessive
head turning away from the surgical side can create contralateral
soft tissue compression, obstruction of salivary ducts, and venous
stasis. If severe enough, this can produce submandibular gland
inﬂammation or ischemia leading to signiﬁcant post-operative neck
swelling. In rare cases this swelling can lead to upper brachial
plexus inﬂammation and palsy. Here, we present the ﬁrst case of
contralateral neck swelling leading to upper brachial plexus palsy
and Horner syndrome. All reported cases, including this case,
appear self-limiting and unlikely to create permanent neurologic
deﬁcits. Because of the rare nature of this positioning complication, it
would appear unwarranted to alter the patient’s positioning (outside
of the standard shoulder bump, gentle head turning, etc.) to prevent
sialadenitis as altering the head position would likely prevent safe
surgical exposure. However, knowledge of this rare entity can greatly
aid in complication management if it should arise.References
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